Black infants have an increased risk of cerebral palsy when compared with white infants. The reason for this racial disparity is unclear. Lower socioeconomic status may be associated with an increased risk of cerebral palsy.
The rate of cerebral palsy in the United States has remained constant or has increased slightly in recent decades despite improvements in obstetric and perinatal care. 1, 2 Population-based studies 1, 3, 4 have reported that black infants have an increased risk of cerebral palsy when compared with white infants. The underlying reason for this racial disparity is unknown. Black people have higher rates of low birth weight and prematurity than whites, which suggests that birth weight or gestational age could contribute to ethnic disparities in cerebral palsy. However, in studies of infants born term or with normal birth weight, blacks demonstrate a 20% to 40% increased risk of cerebral palsy compared with whites, suggesting that gestational age is unlikely to explain disparities in prevalence cerebral palsy. 5, 6 On the other hand, Hispanic infants are at decreased risk of perinatal morbidity and mortality. 7 Whether infants born to Hispanic women experience a decreased risk of cerebral palsy has not been well studied.
Socioeconomic factors also may influence the risk of cerebral palsy. 8, 9 In West Sussex, England, low socioeconomic status was associated with elevated risk of cerebral palsy, and adjustment for birth weight and gestational age did not account for this increased risk. 8 The mechanism by which socioeconomic status and race interact to impact an individual's risk of cerebral palsy has not been adequately studied. To assess the relationship between ethnicity and low birth weight with respect to the prevalence of cerebral palsy, and to determine whether socioeconomic status impacts the risk of cerebral palsy within racial/ethnic groups, we studied a large, multiethnic population in California.
METHODS
We conducted a retrospective cohort study of birth records for all infants who were born in California during an 11-year period (January 1, 1991, to December 31, 2001 ). Data were retrieved from 3 sources: (1) All maternal and infant predictor variables were extracted from the linked California Office of Statewide Health Planning and Development-California Vital Statistics Birth files: maternal age; race and ethnicity; education; timing of onset of prenatal care; infant gender; birth weight; gestational age; and source of payment for the birth hospitalization, which was analyzed as an indicator of socioeconomic status. Women who were publicly insured or uninsured were categorized as having low insurance status, whereas women with private or managed care insurance were categorized as having high insurance status. We defined 3 birth weight categories: normal (Ն2500 g), moderately low (1500 -2499 g), and very low (Ͻ1500 g).
The DDS runs a statewide program that provides occupational and physical therapy, case management, and social services for all residents who have a substantive disability related to cerebral palsy. 11 Cerebral palsy is defined as follows: (1) a nonprogressive lesion or disorder in the brain occurring during intrauterine life or the perinatal period and characterized by paralysis, spasticity, or abnormal control of movement or posture that is manifest before 2 to 3 years of age; and (2) other significant motor dysfunction appearing before age 18 years. Each year, individuals who receive services from the DDS receive a comprehensive evaluation by a staff physician who records data regarding medical diagnoses including cerebral palsy.
From the DDS data set, we identified all children who were born between 1991 and 2001 and who had been diagnosed with cerebral palsy before November 30, 2006 . Thus, children were at least 5 years old at the time of cerebral palsy ascertainment. Because we were interested in prenatal and perinatal risk factors for cerebral palsy, we excluded children with certain postnatal causes of cerebral palsy, including child abuse (n ϭ 272), motor vehicle and other vehicle injuries (n ϭ 213), and near drowning (n ϭ 72). For patients with cerebral palsy who did not meet exclusion criteria, we extracted the following clinical information from the DDS: type of cerebral palsy (spastic, dyskinetic [dystonia or choreoathetosis], hypotonic, ataxic, and other) and distribution of limb involvement (quadriplegia, diplegia, hemiplegia, monoplegia, and other). Cerebral palsy severity was determined by the degree of limitation of daily activities and functions: severe cerebral palsy is defined as significant limitations or precludes daily activities and functions; moderate is defined as having some limitations; mild is defined as having no limitations. Suspected cerebral palsy refers to patients with a suspected disability from cerebral palsy, but the level of impairment has not been determined by the DDS.
To assess ethnic disparities in the risk of cerebral palsy, we compared with white children the risk of cerebral palsy among black Asian, Hispanic, and other children. We calculated univariate relative risk (RRs) and 95% confidence intervals (CIs) and stratified the results by birth weight and gestational age to determine whether low birth weight or prematurity explain observed differences in the risk of cerebral palsy. We then determined the independent contribution of socioeconomic factors to the risk of cerebral palsy within each racial and ethnic group by performing stratified multivariable logistic regression analyses to estimate odds ratios (ORs). The logistic regression models included potentially modifiable sociodemographic factors (maternal age, education, onset of prenatal care, and insurance status) as well as infant gender, a consistently strong risk factor for cerebral palsy. Note that birth weight and low gestational age were not included in these multivariate logistic regression models because these may represent downstream effects of low socioeconomic status, and controlling for these intermediary variables would reduce our ability to observe the effect of socioeconomic factors on cerebral palsy. All ORs closely approximate the RR given the low prevalence of cerebral palsy. Analyses were performed using Stata statistical package (version 9.0; Stata Corporation, College Station, TX) and with SAS statistical package (version 9.2; SAS Institute Inc, Cary, NC).
RESULTS
Among 6 221 001 live births in California from 1991 to 2001, 8397 children with cerebral palsy provided an overall prevalence of 1.4 per 1000 live births. Over the 10-year study period, the prevalence of cerebral palsy did not vary significantly by birth year (data not shown). Almost 63% of cerebral palsy cases were of the spastic or dyskinetic subtypes (Table 1) . Quadriparesis was the most common distribution of limb involvement, followed by paraparesis and hemiparesis. Three-quarters of cases were categorized as moderately severe or severe.
In crude assessments of ethnic disparities in cerebral palsy, black children were 29% more likely to have cerebral palsy than white children (Table 2) . Asian children were 20% less likely to have cerebral palsy than white children, and there was no difference between Hispanic and white children. Women who were younger (aged Ͻ18 years), older (aged Ն35 years), had no prenatal care, or had low insurance status had an increased risk of having a child with cerebral palsy. Compared with women with a college diploma, women with lower educational attainment were more likely to have a child with cerebral palsy. The effect of maternal education on the risk of cerebral palsy demonstrated an inverse dose-response relationship; compared with college graduates, mothers with primary school or no education (RR: 1.33) demonstrated the highest risk, whereas mothers with a high school diploma (RR: 1.21) or some college (RR: 1.14) exhibited a more modest increased risk of cerebral palsy ( Table 2) .
Thirty-seven percent of children with cerebral palsy were born at moderately low (16%) or very low birth weight (21%). Very low birth weight infants were 24 times more likely to have cerebral palsy than normal birth weight infants, and very premature infants (Ͻ28 weeks' gestation) were 26 times more likely to have cerebral palsy than infants born term (Table 2) .
Black children were more likely than white children to have been born at very low (3.5% vs 1.3%, P ϭ .0001) or moderately low (9.5% vs 4.6%, P ϭ .0001) birth weight. Similarly, black children were more likely to have been born premature (Ͻ37 weeks ' gestation) than white infants (20.4% vs 11.9%, P ϭ .0001). Asian children were less likely to be born at very low birth weights than white children (1.2% vs 1.3%, P ϭ .02) but more likely to have been born with moderately low birth weight (6.5% vs 5.1%, P ϭ .0001) when compared with white children.
To assess whether ethnic differences in birth weight or gestational age explain ethnic disparities in the risk of cerebral palsy, we performed stratified analyses (Table 3) . Among normal birth weight infants, there was no difference in the risk of cerebral palsy (Table 2) . Furthermore, maternal race was highly correlated with maternal educational attainment; for instance, 84% of mothers with the lowest educational level (0 -5 years) were Hispanic. Maternal race also was correlated with insurance status. Hispanics had the highest rate of government or no insurance (62%) and Asians had the lowest rate (6%). Therefore, to determine the independent contributions of sociodemographic risk factors for cerebral palsy within each racial and ethnic subgroup, we performed stratified multivariate analyses.
Among whites, decreasing maternal educational attainment was independently associated with increasing risk of cerebral palsy in a dose-response fashion (Table 4 ). In multivariate analysis, Hispanic women with 0 to 5 years of education also were more likely to have a child with cerebral palsy than their counterparts who were college graduates (OR: 1.3 [95% CI: 1.04 -1.5]). In contrast, maternal education was not associated with cerebral palsy risk among blacks.
Black Hispanic, and white women who delivered without receiving prenatal care had a significant twofold increased risk of cerebral palsy, compared with their counterparts who received early prenatal care (Table 4) . For these 3 racial and ethnic groups, lack of prenatal care was associated with an increased risk of cerebral palsy even after adjusting for birth weight gestational age (data not shown). Asian women who did not receive prenatal care also demonstrated a twofold increased risk of cerebral palsy, although this was not a statistically significant finding.
Older Asian, Hispanic, and white mothers were 32% to 45% more likely to have a child with cerebral palsy than women who were aged 18 to 34 years ( When we restricted the analyses in Tables 3 and 4 to children with moderate or severe cerebral palsy, the findings remained essentially unchanged, except the effect sizes became slightly larger (data not shown). In additional sensitivity analyses, we limited the stratified analyses to children with spastic or dyskinetic cerebral palsy, because this group is likely to be etiologically distinct from infants with hypotonic and ataxic cerebral palsy. The significant findings in Tables 3 and 4 remained unchanged when the analy- ses were restricted to spastic or dyskinetic cerebral palsy. However, the risk of spastic or dyskinetic cerebral palsy was elevated in blacks compared with whites both among normal birth weight (RR: 1.3, P ϭ .0004) and among infants of term gestational age (RR: 1.3, P ϭ .0004). Hispanics were similarly at increased risk of spastic or dyskinetic cerebral palsy when compared with whites, in both normal birth weight (RR: 1.1, P ϭ .02) and term gestational age (RR: 1.5, P ϭ .001) strata. In contrast, black infants were less likely than white infants to have ataxic cerebral palsy (RR: 0. 
DISCUSSION
This population-based study of California children confirms previous findings of an elevated risk of cerebral palsy among black infants 1,3,12 and suggests that this increased risk is explained by increased rates of low birth weight and prematurity. Relative to white children, black children have a two-to threefold increased risk of being born with low birth weight, and the dramatically increased risk of cerebral palsy in very low and moderately low birth weight infants accounts for the increased rate of cerebral palsy in blacks. Within the 2 subgroups of low birth weight infants that we studied, we found that black infants have a paradoxically reduced risk of cerebral palsy when compared with white infants. However, because black infants have higher rates of low birth weight infants, and low birth weight is so strongly associated with cerebral palsy, the relatively lower rate of cerebral palsy among low birth weight black infants does not fully remove the overall ethnic disparity that is observed on a population level.
The birth weight paradox 13, 14 refers to the fact that black premature infants experience lower neonatal mortality rates than white premature infants, although black infants generally have a higher neonatal mortality rate than white infants. 13, 14 We found a similar paradoxical relationship between low birth weight and cerebral palsy among black infants. These findings are consistent with the results of a previous study 6 that reported that black low birth weight infants had a lower cerebral palsy risk when compared with white low birth weight infants, although the study sample was smaller and the ethnic difference did not achieve statistical significance.
Low birth weight infants are about twice as common in blacks as in whites, 15 and despite improvements in the 1990s, the preterm birth rate among black women began increasing in 2000. 16 Prematurity accounts for most of the disparity in infant mortality between black and white infants. 17 In our study of California births, we found that preterm birth and low birth weight completely accounted for the increased risk of cerebral palsy among black infants. Thus, to address the racial disparity in cerebral palsy rates, it is crucial to focus efforts to reduce the incidence of both prematurity and low birth weight.
The most commonly cited explanations for racial disparities in prematurity include suboptimal prenatal care, 18, 19 maternal education, 20 neighborhood poverty and disparity, 21, 22 social stressors, 23 and genetic differences. 24 Nativity is an important factor because the birth weight distribution of Africanborn black women more closely resemble American-born whites than American-born blacks, 25 suggesting that environmental factors play a key role in determining risk of prematurity and low birth weight.
Maternal age and low socioeconomic status are both known risk factors for cerebral palsy and neonatal encephalopathy. 1, 8, 9, 26, 27 In our population, advanced maternal age and low maternal educational attainment increased the risk of cerebral palsy in whites, Hispanics and Asians but not blacks. In contrast, young maternal age was a significant risk factor for cerebral palsy among Hispanics, with a similar trend seen in blacks. Because the number of black children with cerebral palsy was 5 times lower than the number of Hispanic children with cerebral palsy, we had less power to detect statistically significant risk factors among blacks.
There is an increased risk of cerebral palsy among male children across all gestational ages for unclear reasons. 1, 26, 28, 29 Possible explanations include hormonal factors and gender differences in cell-death pathways in the setting of newborn brain injury. 30 How prenatal care might impact cerebral palsy risk also is unclear, and in our population, the increased risk of cerebral palsy associated with poor prenatal care persisted even after adjusting for low birth weight and prematurity. Epidemiologic studies of prenatal care have not consistently demonstrated a beneficial effect on low birth weight and other perinatal outcomes. 31 Our findings suggest that receipt of prenatal care may be associated with lower cerebral palsy risk. However, randomized controlled trials of differing degrees and types of prenatal care would be necessary to establish a causal link between prenatal care and cerebral palsy. 31 Asian infants had a reduced risk of cerebral palsy across all birth weight categories, and this effect persisted in all birth weight and gestational age groups. This finding is consistent with data suggesting that Asian Americans experience improved neonatal outcomes when compared with whites 32, 33 and confirms the results of a previous study 5 that reported that Asians have a lower cerebral palsy rate than whites. However, perinatal outcomes vary widely between different Asian American subgroups, 34, 35 and additional study is needed to determine whether the risk of cerebral palsy varies by Asian subgroup.
Among normal birth weight and term infants, blacks and Hispanics had a significantly increased risk of spastic or dyskinetic cerebral palsy compared with whites. Spastic or dyskinetic cerebral palsy is the most common form of cerebral palsy that is attributable to birth asphyxia. 36 Thus, our results suggest that the disparity in spastic or dyskinetic cerebral palsy rates observed between black and white infants may be attributed in part to differing rates of birth asphyxia among term or normal birth weight infants. Although beyond the scope of this study, future epidemiologic investigations of race, birth complications, and long-term neurologic outcomes may further clarify the impact of race/ethnicity on cerebral palsy.
Our study findings are subject to several limitations. Given the state-based program we used to identify children with cerebral palsy, children at risk for cerebral palsy who moved out of state may have been omitted from the data set, resulting in an ascertainment bias. It also is possible that patients who receive services through the DDS are more severely impaired than the general population of children with cerebral palsy and that children with milder cerebral palsy may not seek or qualify for services from the DDS. The overall cerebral palsy rate of 1.4 per 1000 in our study is slightly lower than most reported population prevalence rates (1.9 -3.6 per 1000), 1, [37] [38] [39] which suggests that the DDS data set may not include the full spectrum of children with cerebral palsy. If race and ethnicity or socioeconomic status is associated with differential likelihood of obtaining services from the DDS, this type of enrollment bias also could limit the generalizability of our findings. Although services from the DDS are not tied to financial need, the racial and ethnic make-up of DDS clients in 2007 is not identical to our study population (39% vs 34% whites, 33% vs 45% Hispanics, 10% vs 7% blacks, and 8% vs 10% Asians).
CONCLUSIONS
Sociodemographic factors interact in complex ways to influence the risk of cerebral palsy. Our results suggest that reducing ethnic disparities in prematurity and low birth weight would be expected to reduce disparities in cerebral palsy. Understanding how educational attainment and use of prenatal care impact the risk of cerebral palsy within specific ethnic groups may inform new strategies to prevent cerebral palsy.
